Four oxalate degrading endophytic bacteria were isolated from oxalate rich Colocasia esculenta tubers. Based upon the oxalate oxidase (EC 1.2.3.4) activity produced in nutrient medium, one bacterium was selected and identified as Ochrobactrum intermedium by 16S rDNA sequencing. Studies on effect of nutritional and non-nutritional parameters showed that oxalate oxidase production is inducible, requires Manganese ions in the medium, and very low fill-up volume is beneficial. Shake flask fermentation carried out with medium comprising Sucrose, Ammonium chloride, Sodium oxalate along with basal salts gave 0.5 UmL -1 oxalate oxidase activity and 0.454 Umg -1 specific activity after 65h of fermentation.
INTRODUCTION
Oxalic acid and its salts occur as end products of metabolism in number of plant tissues. High oxalate levels are found in Taro (Colocasia esculenta), Sweet potato (Ipomoea batatas), and Yam (Dioscorea alata) tubers (275 -574 mg/100 g fresh weight) 1 . Oxalate oxidase (EC 1.2.3.4), an enzyme found in nature degrades oxalate to hydrogen peroxide and carbon dioxide 2 . Oxalate oxidase activity has been detected in Barley 3 , Beet 4 , Maize 5 , sorghum 6 and wheat 7 . Functionally diverse protein super family known as Cupins, concerned with cell wall, fungal defence, salt tolerance and floral induction are found to possess oxalate oxidase activity 8 . Oxalate oxidase activity has been reported in white rot basidiomycete, Ceriporiopsis subvermispora 9 and a bacterium, Pseudomonas sp. OX-53 10 as well. Oxalate oxidase is extensively used in kits to assay oxalate levels in blood and urine. Regular assessment of oxalate levels in urine helps to monitor and control hyperoxaluria and Urolithiasis 2 . Removal of oxalic acid from bleaching filtrates using the enzyme oxalate oxidase is a possibility to prevent problems with scaling in the pulp and paper industry 11 .
Endophytes are endosymbionts that colonizes interior organs of plants, but does not have pathogenic effects on its host. Endophyte can be a bacterium or a fungus and in their symbiotic association, the host plant protects and feeds the endophyte, which in return produces bioactive metabolites to augment the growth and competitiveness of the host and protect it from being attacked by herbivores and plant pathogens 12, 13 and to date, all plant species studied have been found to harbour at least one endophyte 14 . Endophytic microorganisms are also known to produce wide range of industrial important enzymes like xylanases, hemicellulases, cellulases, protease 15, 16 . The fact that substrate for these enzymes are available in excessive amount in plants 17 , could possibly have caused endophytes to evolve their genetic system to produce enzymes specific to the substrate available inside the host plant 18 . The current study deals with the isolation and screening of novel endophytes from plant rich in oxalates for the purpose of production of oxalate oxidase. Further, shake flask studies were carried out to enhance the enzyme titre.
MATERIALS AND METHODS Isolation and identification of oxalate oxidase producing bacteria
Bacterial endophytes were isolated from the tuber of Colocasia esculenta grown wildly in Mangalore suburb of Karnataka state, India. The tuber of the plant was cut into small pieces of approximate 1.5 cm length. The explants were washed with distilled water and surface sterilized by dipping the explants in 70% (v/v) ethanol for 5 minutes, followed by 5%(w/v) sodium hypochlorite solution for 5 minutes, and 70% (v/v) ethanol for 30 s. The surface sterilized samples were washed in sterile distilled water three times to remove surface sterilization agents 19 . The explants were then cut into small pieces of 0.5 cm length with a flame sterilized scalpel and transferred to sterilized tryptic soy agar medium supplemented with antibiotic cyclohexamide of 10 ppm concentration for the isolation of bacteria. To check the efficacy of surface sterilization, the water from the final rinse was inoculated in tryptic soy agar plates. All the petriplates were then incubated at 30° C for 7 -20 days. Isolates were screened for oxalate oxidase activity by streaking the isolates on solidified basal mineral medium having the composition (gL -1 ): KH 2 PO 4 -3, Na 2 HPO 4 -6, NaCl -5, NH 4 Cl -2, MgSO 4 .7H 2 O -0.1, Agar -15 and 5 -calcium oxalate. Solubilisation of calcium oxalate was evidenced by the formation of clear zones around the colonies due to dissolution of calcium oxalate. Control plate was kept to avoid any false result. The positive isolates after the screening stages were maintained in tryptic soy agar slants and the organisms were preserved for long storage in 20% (w/v) glycerol stock supplemented with 1% (v/v) host plant extract. The host plant extract was prepared by crushing 1g of small pieces of tubers of Colocasia esculenta in a mortar and pestle with 10mL of distilled water. The homogenate was centrifuged for 10 min at 8,000 RPM in a refrigerated centrifuge and the recovered supernatant was filter sterilized using 0.2 µm filter membrane. The positive isolates were cultured in the common production medium and the most productive strain CL6 was chosen for further study. CL6 strain was sent to MTCC, IMTECH, Chandigarh, India for identification by 16 S rDNA sequencing.
Oxalate oxidase activity
Oxalate oxidase was assayed by modified 3-Methyl-2-Benzothiazolinone Hydrazone (MBTH) method 20 . The reaction mixture was comprised of 1.7 mL of sodium succinate buffer (50 mM, pH 3.8), 0.04 mL of 200 mM oxalic acid solution and 1 mL of enzyme solution. After incubation for 30 min at 55°C, the reaction was stopped by adding 0.1 mL of 100 mM EDTA solution. This was followed by the addition of 1 mL of colouring reagent comprising 0.1 mM MBTH (3-Methyl-2-Benzothiazolinone Hydrazone) and 0.72 mM DMA (N, N-Dimethylaniline) along with 3 U of 20 µL of peroxidase (Sigma Aldrich) solution. Hydrogen peroxide produced by the oxidation of oxalate by oxalate oxidase enzyme combines with MBTH and DMA (N, N-Dimethylaniline) in the presence of peroxidase to form purple colour indamine dye. The concentration of indamine dye is directly proportional to the concentration of hydrogen peroxide which in turn proportional to the activity of oxalate oxidase enzyme. The colour produced due to indamine dye formation was read at 600 nm. Standard curve was prepared using commercially available hydrogen peroxide. One unit of oxalate oxidase was defined as the amount of enzyme required to produce 1 µmol of H 2 O 2 per minute at 55°C. For all the trials, highest enzyme activity and biomass content corresponding to highest enzyme activity was reported. The soluble protein in the culture supernatant was determined by Bradford method 21 with bovine serum albumin as standard.
Effect of nutritional and non-nutritional parameters on Oxalate oxidase production
Inoculum for all the shake flask studies was prepared in tryptic soy broth supplemented with 2.5 gL -1 sodium oxalate having an initial medium pH of 6.5. The medium was inoculated with a loop full of culture from slant, incubated at 30°C in an incubator shaker at 150 rpm. The culture was harvested after 18 h of growth, added as inoculum at the rate of 2 % (v/v). All the shake flask trials were conducted in 250 ml Erlenmeyer flasks, incubated at 30°C in an incubator shaker at 150 rpm, unless otherwise stated. The unoptimized medium had the following(gL -1 ): KH 2 PO 4 -3 , Na 2 HPO 4 -6, NaCl -5 , NH 4 Cl -2 , MgSO 4. 7H 2 O -0.1, MnSO 4 -0.05, Disodium oxalate-5 and Biotin-0.0015, with the initial pH of 6.5. Samples were taken at definite time intervals to analyze cell growth and oxalate oxidase production. Growth was monitored by measuring the optical density at 600 nm and the cell free supernatant obtained after centrifugation at 8,000 RPM for 15 min in a refrigerated centrifuge, was analysed for oxalate oxidase activity. The obtained optical density values were converted to dry cell weight (gL -1 ) using a calibration curve 22 .
The effect of different carbon sources on the production of oxalate oxidase and biomass were investigated in shake flasks containing above explained nutrient medium supplemented with 20 gL -1 carbon sources (sucrose, glucose, glycerol). Once the best carbon source was determined, the effect of supplemented carbon source concentration was determined by varying the selected carbon source (sucrose) in the range of 20-60 gL -1 . The effect of nitrogen sources was determined using the nutrient medium explained above supplemented with 20 gL -1 sucrose and 2 gL -1 of various organic and inorganic nitrogen sources (Yeast extract, Peptone, Casein hydrolysate, Ammonium chloride, Sodium nitrate). Once the best nitrogen source was selected, the effect of concentration of selected nitrogen source (NH 4 Cl) on enzyme production was determined by varying its concentration in the range of 2-8 gL -1 .
Several reports suggest presence of Mn 2+ ions is important for functional oxalate oxidase enzyme production in plants 23, 24 and in fungus Ceriporiopsis subvermispora 25 . So the effect of Mn 2+ was studied for its role in the production of functional oxalate oxidase by incorporating MnSO 4 (0.025 -0.1gL -1 ) in the media. Effect of fill up volume on the overall growth and enzyme production was studied. Fill up volume of one-half, one-fourth, one-fifth, one-tenth were maintained in different flasks and the biomass and enzyme production was estimated for each of the flasks. The effect of temperature was studied for growth and enzyme production by incubating the flasks at 25, 30 and 35°C. The effect of initial medium pH on oxalate oxidase enzyme production as studied in the pH range of 5 to 8. Medium pH was adjusted using either dilute HCl or dilute NaOH before autoclaving the medium. Effect of agitation speed for 150, 175, 200 rpm on the growth and enzyme production was determined. Effect of Inoculum from inoculum age of 12, 18 and 24 h was studied Journal of Pure and Applied Microbiology for enhanced production of enzyme.
After optimizing the media composition and physical parameters by one factor at a time method, time course study was conducted with optimized condition and growth requirements to obtain the product profile.
RESULTS AND DISCUSSION Isolation and identification of oxalate oxidase positive bacteria
After primary screening on minimal mineral medium agar plates supplemented with 5 gL -1 calcium oxalate, 4 bacterial cultures were selected for shake flask studies based on their ability to form clear zones by dissolution of calcium oxalate during primary screening. One isolate, CL6 exhibited large clear zone on screening plate ( Fig. 1 ) and good growth on sodium oxalate supplemented production medium in shake flask studies. The isolate was deposited and identified in the "Microbial Type Culture Collection and Gene bank" (MTCC), Institute of Microbial Technology that it belongs to the order rhizobiales, which also comprises of bacteria of rhizosphere. The test organism Ochrobactrum intermedium CL6 has been isolated from the tubers of Colocasia as endophyte, so it can be stated that the test organism Ochrobactrum intermedium CL6 might have invaded the Colocasia plant tissue over a period of time from its rhizosphere to the internal tissues of Colocasia tuber. It had been previously believed that endophytic root bacterial communities comprise a subset of microbial population originating from the surrounding rhizosphere soil 26, 27 . Our results support this speculation.
The microbial community structure of any niche is influenced by surrounding soil and environmental parameters. Oxalate-degrading bacteria form a close association with plant roots that are rich in oxalic acid, where the oxalate exudates form a source of carbon for a variety of microorganisms in the rhizosphere of the yam (Dioscorea alata, Typhonium trilobatum and Amorpho phallus) 28 . Based on this it can be argued that endophytic microbial community of Colocasia esculenta might have also been influenced by high amount of oxalate in its living tissue. It appears that Ochrobactrum intermedium CL6 isolated from Colocasia tuber have evolved the enzyme system, oxalate oxidase in order to utilize oxalate available in host plant tissues.
Effect of nutritional parameters on oxalate oxidase production
Initially the maximum biomass of the strain Ochrobactrum intermedium CL6 obtained with sodium oxalate as an only source of carbon was 0.3 gL -1 after 120 h of incubation but a comparative higher growth was obtained with sucrose as well as with glucose as additional carbon sources within 48 h of incubation ( Fig. 2A) . Sucrose as an additional carbon source exhibited maximum enzyme activity for oxalate oxidase. However, glucose as an additional carbon source was not very effective for enzyme production. There was no change in biomass content and enzyme activity with glycerol as additional carbon source. Sucrose was therefore selected for further study as it could reduce the fermentation time from 120 h to 48 h. The oxalate oxidase production with different concentrations of sucrose was also tested. Sucrose at 20 gL -1 exhibited the maximum oxalate oxidase (IMTECH Chandigarh, India). The organism was identified based on 16S rDNA sequence analysis as Ochrobactrum intermedium and the Gene-Bank accession number for the nucleotide sequence is KM658164. To the best of our knowledge, this is the first report on the presence of oxalate oxidase activity in the genus Ochrobactrum and in an endophyte from oxalate rich Colocasia plant.
The taxonomy of Ochrobactrum reveals activity 0.128 U mL -1 (Fig. 2B ). NH 4 Cl, found to be the best for the maximum production of oxalate oxidase. NH 4 Cl at 2gL -1 exhibited an oxalate oxidase activity of 0.128 UmL -1 . Enhancement of enzyme activity was low in case of Yeast extract and Peptone. The only organic nitrogen source which showed some enzyme production was casein hydrolysate (Fig. 2C ). NH 4 Cl was selected for further study. Varied concentration of NH 4 Cl didn't contribute in further improving the oxalate oxidase activity. The enzyme activity remained same for NH 4 Cl concentration of 2-6 gL -1 . However, as the nitrogen source concentration increased, peak enzyme activity got shifted from 48 to 84 h. At NH 4 Cl concentration of 8gL -1 , reduction in peak enzyme activity was observed at 84h (Fig. 2D ). Mn 2+ ions was found to be extremely important for active form of enzyme production. No oxalate oxidase activity was observed in the fermentation broth, when source of Mn 2+ ions in the form of MnSO 4 was not supplemented in the production media. The concentration of MnSO 4 was varied from 0.025 gL -1 to 0.1 gL -1 . Optimum concentration of MnSO 4 was found to be 0.05 gL -1 . Higher concentration of the MnSO 4 supplementation in the media was leading to lower activity of the enzyme (Fig. 2E) . Manganese sulphate concentration of 0.05 gL -1 was selected for further study. There are reports where presence of manganese at the active site of the enzyme oxalate oxidase has been documented. Ceriporiopsis subvermispora oxalate oxidase was the first Fig. 3 . Effect of non-nutritional parameters on biomass growth and enzyme production.(A) Effect of fill up volume on the biomass growth () and oxalate oxidase activity () was studied in a medium having 20 gL -1 of sucrose, 5 gL -1 sodium oxalate and 2 gL -1 NH 4 Cl along with basal salts. While finding the effect of fill up volume, MnSO 4 concentration of 0.05 gL -1 was taken in the medium. (B) Effect of fermentation temperature on biomass growth and enzyme production. Fill up volume of one-tenth was maintained for all the experiments. Biomass content at peak enzyme activity was considered. (C) Effect of initial medium pH on enzyme production was studied with medium having 20 gL -1 of sucrose, 5 gL -1 sodium oxalate and 2 gL -1 NH 4 Cl, 0.05 gL -1 MnSO 4 along with basal salts. Experiments were conducted at 30°C, fill up volume of one-tenth, agitation rate of 150 rpm and initial medium pH of 6.5. (D) Effect of agitation speed (E) Effect of inoculum age. bicupin enzyme identified that exhibit manganese dependent oxidation of oxalate 25 . Barley oxalate oxidase, a homohexameric glycoprotein, contains one Mn atom which is ligated by three histidine residues, one glutamate residue and two water molecules 23, 24, 29 . Koyama has reported the presence of 1.12 atoms of manganese and 0.36 atoms of zinc per subunit in oxalate oxidase produced from the soil bacterium Pseudomonas sp. OX-53 10 .
Effect of non-nutritional parameters on oxalate oxidase production
Fill up volume of one-half, one-fourth, one-fifth, one-tenth of shake flask was tried in four different experiments. The observations revealed that fill up volume of one-fifth and one-tenth gave higher biomass in short duration (Fig. 3A ). There was a progressive increase in enzyme activity as the fill up volume is reduced from one-half to one-tenth. An oxalate oxidase activity of 0.5 UmL -1 was obtained at one-tenth of fill up volume. From this we can infer that oxygen requirement of Ochrobactrum intermedium CL6 is high and meeting the requirement is crucial. Higher oxygen requirement could be attributed to the fact that oxygen is a co-substrate utilized during oxalate catabolism 30 . Moreover it is the proved fact that in shake flasks, the oxygen transfer rate (OTR) is reversely proportional to the volume of culture 31 .
Temperature of incubation during growth had a significant influence on the enzyme production. Observation suggests that the organism was growing very well at temperature of 35°C during the first few hours after inoculation. But after 24 h, the growth profile of the organism at 35°C and 30°C was almost same. Temperature of 25°C was suboptimal for enzyme production. The peak enzyme activity observed at 30°C and 35°C was almost similar (Fig. 3B) .
It was observed that the growth pattern of the organism was almost similar in initial medium pH range of 6.5, 7.5 and 8. However, the activity of the enzyme was relatively higher in pH 6.5 (Fig. 3C) . The result showed that the yield of the enzyme oxalate oxidase by strain Ochrobactrum intermedium CL6 was relatively less at initial medium pH 7.5. The enzyme activity profile also revealed that an activity of 0.2 UmL -1 was obtained for initial medium pH 8, which was marginally higher than that of initial medium pH 7.5, but was almost one -third of the activity obtained at pH 6.5. Pseudomonas sp.OX-53, which was the only bacterial species reported till date for oxalate oxidase production, could produce the enzyme at initial medium pH 8 10 .
There was an increase in biomass content as the agitation speed was increased from of 150 to 200 rpm. However there was no significant increase in oxalate oxidase production with increase in agitation speed (Fig. 3D ). Yield of oxalate oxidase was found to be dependent on inoculum age. Inoculum of age 24 h exhibited poor production in comparison to 18 h old inoculum ( Fig. 3E ) Time course study indicates that 24 h inoculum took more time to produce the enzyme and the maximum enzyme activity had gone down to 0.15 UmL -1 from 0.5 UmL -1 obtained with 18 h inoculum. Cells of younger inoculum were found to be more active in product formation whereas old inoculum could be partially induced for product formation 32, 33 .
Time course study of oxalate oxidase production
Enzyme activity with the present optimized condition of 20 gL -1 sucrose as additional carbon source, 5 gL -1 sodium oxalate as inducer, 2 gL -1 NH 4 Cl as nitrogen source, 0.05 gL -1 MnSO 4 , Fill up volume of one-tenth, pH of 6.5, fermented Fig. 4 . Time course study of oxalate oxidase production in optimized medium and conditions. Medium having 20 gL -1 of sucrose, 5 gL -1 sodium oxalate and 2 gL -1 NH 4 Cl, 0.05 gL -1 MnSO 4 along with basal salts was used. Experiments were conducted at 30°C, fill up volume of one-tenth, agitation rate of 200 rpm and initial medium pH of 6.5 with inoculum age of 18 h. with inoculum age of 18 h, 30ºC at 150 rpm showed maximum activity of 0.5 UmL -1 after 65h of fermentation (Fig. 4) . The 25 mL culture supernatant yielded 27.5 mg of protein with total oxalate oxidase activity of 12.5 U and specific activity of 0.454 Umg -1 .
Comparison of specific activity of oxalate oxidase from Ochrobactrum intermedium CL6 and other sources suggests that specific activity of oxalate oxidase obtained in the present study is 0.454 Umg -1 (Table 1) , which is much higher than that of other microbial sources 10 as well as plant sources [34] [35] [36] . The total enzyme activity from wheat seedling and barley roots is also lower than the total enzyme activity obtained from the culture supernatant of Ochrobactrum intermedium CL6. Higher specific activity in the cell free broth also indicates that the enzyme purification could be relatively easy.
colonization of plant tissues. It was demonstrated that most endophytes are able to utilize, at least in vitro, most plant cell components. As Colocasia esculenta tubers were found to contain large amount of oxalate crystals, it was hypothesized that at least few endophytes inhabiting tuber will have the ability to produce oxalate degrading enzyme, oxalate oxidase. Successful isolation of four bacterial strains supports our hypothesis. Presence of substantial amount of oxalic acid in the tubers of Colocasia might have put selective pressure on these endophytes to develop a means to use these energy rich molecules. This first report of isolation of Ochrobactrum intermedium, a novel oxalate oxidase producing bacterium from Colocasia esculenta also reiterate the fact that plants harbour endophytes that have the potential to produce many novel metabolites of human importance.
Four oxalate degrading bacteria were isolated as result of our effort. The bacterium which showed highest oxalate oxidase activity was identified as Ochrobactrum intermedium. The nutritional and non-nutritional factors were optimized in shake flasks. Sucrose at 20 gL -1 , NH 4 Cl at 2 gL -1 ,MnSO 4 at 0.05 gL -1 and sodium oxalate as inducer at 5gL -1 , fill up volume in shake flask at one -tenth, incubation temperature of 30°C and initial medium pH of 6.5 and inoculum age of 18 h was found to be optimum. Oxalate oxidase activity of 0.5UmL -1 and specific activity of 0.454 Umg -1 was recorded in fermentation broth after 65h of fermentation under optimal conditions.
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CONCLUSION
A growing body of evidence suggests that plant-associated microorganisms, especially endophytic and rhizosphere bacteria and fungi, represent a huge and largely untapped resource of natural products with chemical structures that have been optimized by evolution for biological and ecological relevance 13, 14 . Since endophytes were first described in the Darnel (Lolium temulentum) 37 , they have been isolated from various organs of different plant species, above ground tissues of liverworts, hornworts, mosses, lycophytes, equisetopsids, ferns, and spermatophytes from the tropics to the arctic, and from the wild to agricultural ecosystems 38 and to date, all plant species studied have been found to harbour at least one endophyte 14 . Endophytes usually produce the enzymes necessary for the
